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SUMMARY. T h e p r e s e n t s t u d y of t h e f e r m e n t at i o n c h a r a c t e r i s t i c s of 2 0 s p e c i e s of c l o st r i d i a h a s s h o w n t h a t t h e r e l a t i v e p r o p o r t i o n s a n d c o n c e n t r a t i o n s o f t h e a c i d s a n d a l c o h o l s p r o d u c e d b y t h e s e c u l t u r e s m a y b e v e r y u s ef u l i n t h e i r c h a r a c t e r i z a t i o n a n d i d e n t i f i c at i o n . T h e c h r o m a t o g r a p h i c m e t h o d s d e s c r i b e d a r e r a p i d a n d t h e p a t t e r n s a r e h i g h l y r e p r od u c i b l e a m o n g s t r a i n s o f t h e s a m e s p e c i e s .

------------
MATERIALS AND METHODS
At least three strains of each species have been compared. Reference strains were used in most cases; previously characterized diagnostic cultures w e r e used when three reference strains of one species w e r e not available. We have used as reference strains only those organisms with characteristics which closely conform t o the published descriptions. F o r those cultures designated "SL" (so labeled), we have not completed the entire list of the t e s t s which a s s u r e that the diagnostic characteristics of these strains conform t o those in the published descriptions (Table 1) . 
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Toxin neutralization t e s t s w e r e used t o confirm the identity of all toxic cultures. Antitoxin f o r these t e s t s was p r e p a r e d a t the Wellcome R e s e a r c h Laboratories and at the Communicable Disease Center. Indol was detected with E r l i c h ' s reagent a f t e r xylene extraction of tryptophane o r chopped m e a t media cultures. Acid and alcoholic fermentation products w e r e analyzed f r o m 3-week cultures in four media (Moore and Cato, 1965): 1 ) P Y (270 peptone, 1% yeast extract), 2) PYG ( P Y plus 1% glucose), 3) LACT ( P Y plus sodium lactate -0. 95 ml 85% lactic acid/100 ml), and 4 ) PYRU ( P Y plus sodium pyruvate -0.88 ml pyruvic acid/100 ml). F o u r to five ml media, prepared by the method of Moore and Cat0 (1965) , w e r e inoculated with about 0. 04 ml of an actively growing culture and incubated at 37OC. After incubation f o r t h r e e weeks, cultures w e r e acidified to pH 2 with a solution of 5070 H2S04 (equal p a r t s v/v distilled water and concentrated H2SO4). One milliliter portions we r e chromatographed according to the procedures of Bruno and Moore (1 962) on a t e m p e r a t u r econtrolled silicic acid liquid column. These w e r e developed i n 20-30 minutes. On this column, i s o m e r s of butyric, vale r i c , and caproic acids appear a s mixtures in one o r two peaks. Propionic, acetic, formic, succinic, and lactic acids a r e resolved, but pyruvic acid usually is not separated f r o m f o r m i c acid. Improved separation of all acids can be obtained if the column is developed m o r e slowly. However, results obtained in our routine manner have proved to be satisfact o r y f o r our purposes.
The 3 to 4 m l s of the remainder of the acidified culture w e r e extracted f o r analysis by gas chromatography. The cultures w e r e extracted with 1 ml of ethyl ether by shaking vigorously f o r about one minute.
The resultant emulsion was separated by brief centrifugation and the e t h e r l a y e r t r a n s f e r r e d to a small tube with a P a s t e u r pipette. Anhydrous MgS04 (approximately 60% powder t o ether extract, by volume) was added to each extract and shaken briefly to d r y the ether. Fourteen m i c r o l i t e r s of the e t h e r e x t r a c t samples w e r e analyzed by gas chromatography on the Beckman GC-2A using a stainless s t e e l column (1/4 inch 0. D . , 6 feet long) packed with Resoflex LAC-1-R-296, standard concentration (P), ( B u r r e l l Corporation, Pittsburgh, Pennsylvania). The chromatograph was operated at 110°C under 32 pounds p r e s s u r e of helium with a t h e r m a l conductivity detector at 200 milliamps. We continue to use a t h e r m a l conductivity detector, even though a flame ionization detector is m o r e
sensitive t o carbon compounds and is insensitive t o water, because s e v e r a l investigators have found that nearly all columns on which l a r g e amounts of water a r e placed retain portions of the acetic acid f r o m each sample. The trapped acetic acid is eluted with succeeding samples, giving f a l s e positive results. The 2-to 6-carbon alcohols and acetic, propionic, and the i s o m e r s of 4-to 8-carbon acids a r e sepa r a t e d on this gas column. The approximate retention t i m e s (in minutes) of the compounds 'routinely observed a r e : ether, 0.2; ethyl alcohol, 0.6-0, 7;. propyl alcohol, 0. 8; isobutyl alcohol, 1 . 2 ; butyl alcohol, 1. 3; water, 1.4; isoamyl alcohol, 1. 6; amyl alCOh01, 1. 9; hexanol, 2. 6; acetic acid, 3. 4; propionic acid, 4. 8; isobutyric acid, 5. 6 ; butyric acid, 7 . 0 ; isovaleric acid, 8 . 3 ; v a l e r i c acid, 11. 3; caproic acid, 18. 6 ; heptanoic acid, 24.0; and caprylic acid, 45.2. After continued use of the column, retention t i m e s generally decrease. The packed columns have a useful life of about 1000 samples.
Results obtained with silicic acid liquid column chromatography a r e quantitative whereas those obtained with gas column chromatography a r e quantitative only when the a r e a s of peaks produced by the s a m e compounds a r e compared, but not when a r e a s produced by different compounds a r e compared.
In general, with gas chromatography relatively l a r g e r peaks a r e produced, p e r unit value, by compounds having higher molecular weights than by those with lower molecular weights. T h e compounds separated by gas chromatography a r e identified by comparison with standard known compounds and by co-chromatography.
Comparison of the results of the two columns has indicated, in some c a s e s , that minor amounts of a nonacidic compound m a y interfere w i t h t h e propionic acid peak in the gas column and that certain aldehydes and ketones m a y int e r f e r e with the identification of alcohols under our operating conditions.
RESULTS AND DISCUSSION
We have found that all of the clostridia, a s well as many of the non-spore-forming anaerobic bacteria, produce well-. defined fermentation patterns (Moore and Cato, 1965) . T h e r e a r e s e v e r a l (at least 11) m a j o r fermentation patterns. The s a m e fermentation pattern may be produced by s e v e r a l species which otherwise appear t o be unrelated. Fermentation patterns within each species a r e remarkably similar, even relative proportions of minor products, On: Wed, 05 Dec 2018 05:44:07
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The 2 0 species of clostridia can be separated by gas chromatographic analyses into eight fermentation groups described below. Some of these groups can be subdivided on the basis of the silicic acid column results o r the difference in the fermentation of different substrates by different species. Pyruvate i s utilized o r converted by most species; some a l s o utilize o r convert lactate. Substrate i s "converted" when the i n c r e a s e in products detected (compared with basal medium) accounts f o r the disappearance of the subs t r a t e ; substrate i s considered to be "utilized" when products detected do not account for the disappearance of the subst rate.
The fermentation patterns of the 20 species of clostridia tested a r e shown in the following figures (1-29) . The f i r s t figure shows the results of analyses of uninoculated media when tested by the two chromatographic techniques.
The silicic acid liquid column results presented in subsequent figures a r e corrected to account f o r the reactions of the uninoculated media; the gas column figures a r e not c o r r e c t e d f o r uninoculated media values, although t h e r e is little that appears f r o m the media blanks on the gas chromatographic r e s u l t s except a t r a c e of acetic acid.
The water peak ( s e e Fig. 1 ) is present on m o s t of the figures to g r e a t e r o r l e s s e r degree, depending on the dryness of the sample inoculated.
These chromatographic data ( F i g s . 1-29) w e r e obtained f r o m cultures incubated f o r t h r e e weeks. However, we have been interested in modifying our techniques to make them m o r e useful i n diagnostic laboratories where rapid identification of organisms i s desirable.
Replicate tubes of media w e r e inoculated and fermentation products analyzed after incubation f o r 18, 42, and 66 hours, one week and t h r e e weeks. Results a r e presented i n F i g s . 30, 32, 34, 36. In these cultures, concentrations of fermentation products after one week a r e essentially the s a m e a s those at t h r e e weeks. In l e s s than one week, the relative concentrations of s e v e r a l products a r e very different. In an attempt to obtain comparable concentrations of fermentation products in even younger cultures, calcium carbonate was added to the mediu m to control the pH (Figs. 31, 33, 35, 37) . In such cultures of -C . sporogenes, typical fermentation patterns w e r e obtained i n approximately four days.
However, carbonate inhibited, but did not prevent the productionof butyric acid by 5. novyi
A. The addition of carbonate did not a l t e r the general f e rmentation patterns of the organisms tested to the extent that they would be assigned incorrectly t o a different m a j o r f e rm e ntat ion group.
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Gas Chromatograph (GC) F e r m e n t a t i o n Group 1 -a c e t i c a c i d -includes ,C. histolyticum and ,C. bubalorum.
-C. histolyticum, unlike C_. bubalorum, p r o d u c e s small amounts of l a c t i c acid f r o m glucose.
-C. haemolyticum, s t r a i n "historique," obtained f r o m Dr. However, _C. haemolyticum (historique) differs f r o m 5. histolyticum, as w e l l a s f r o m o t h e r r e f e r e n c e s t r a i n s of ,C.
haemolyticum, i n s e v e r a l other c h a r a c t e r i s t i c s as noted by Smith (1 953).
G C F e r m e n t a t i o n Group 2 -a c e t i c and b u t y r i c a c i d s -includes s. s e p t i c u m ; ,C. chauvoei; s. c a r n i s ; ,C. innocuum; -C. p a r a p u t r i f i c u m ; nonproteolytic s t r a i n s of s. botulinum types B, E , F; and c. butyricum. T h e nonproteolytic s t r a i n s of C_. botulinum B and E a r e the o n l y o r g a n i s m s i n t h i s g r o u p which convert m o d e r a t e amounts of lactate. c. p a r a p u t r i f i -
-c u m d i f f e r s f r o m the o t h e r s i n that no butyric a c i d is detecte d f r o m growth i n pyruvate medium. c. innocuum and G. c a r n i s produce l a c t i c acid i n addition t o a c e t i c and butyric.
G C F e r m e n t a t i o n Group 3 -a c e t i c , propionic, and butyr i c a c i d s -includes s. p e r f r i n g e n s A , B, C, D, E and C. botulinum E. T h i s group i s quite similar to the previous group. However, m o d e r a t e amounts of propionic a c i d a r e produced by all s t r a i n s in m o s t media. ,C. butyricum, i n the previous group, a p p e a r s t o be i n t e r m e d i a t e between t h e s e groups i n t h a t small amounts of propionic acid a r e produced f r o m s o m e media. T h e s t r a i n s of c. p e r f r i n g e n s a l l produce l a r g e amounts of butyric a c i d f r o m glucose, w h e r e a s t h e c u l t u r e s of C. botulinum type E do not. S t r a i n s of 5. botul i n u m type E a r e found i n t h i s group as well as i n the p r evious group. Two of t h e s e c u l t u r e s (1546 and 1547) w e r e f r o m different colonies i s o l a t e d on egg yolk a g a r f r o m a culture labeled "non-toxic type El' r e c e i v e d f r o m Dr. Dolman.
A s c a n be s e e n f r o m Table l , the two i s o l a t e s f r o m this culture have c u l t u r a l c h a r a c t e r i s t i c s v e r y similar t o those of the toxic s t r a i n s of ,C. botulinum type E. However, one of t h e s e s t r a i n s produces a p e a r l y l a y e r ( i s lipase-posit i v e ) on egg yolk a g a r and the other does not.
S i n c e toxin production is a m a j o r c r i t e r i o n f o r the identification of s t r a i n s of ,C. botulinum and c u l t u r a l c h a r a c t e r i s t i c s of diff e r e n t types of t h i s s p e c i e s frequently a r e not the s a m e , the identification of "nontoxic" s t r a i n s of s. botulinum is ext r e m e l y difficult. It a l s o h a s been thought that all s t r a i n s of 
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Fermentation Pathways of some Clostridium Species The isolation of lipase-positive and lipase-negative organisms f r o m a single culture, together with the similar fermentation patterns of both toxic and "nontoxic ,C. botulinum type E," only emphasizes the need f o r additional characterization of numerous strains of ,C. botulinum E to determine whether characteristics other than toxin production may be used to identify these organisms. ,C. tertium d r a i n 1525 was received f r o m ATCC.
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GC Fermentation Group
Two colony types w e r e isolated f r o m this culture as received and one of them (1565) GC Fermentation Group 5 -acetic, propionic, and butyr i c acids with butanol -includes c. tetani. ,C. tetani is the only species we have observedwhich produces large amounts of butanol, i n addition t o ethanol, in all of the media tested.
GC Fermentation Group 6 -acetic, propionic, isobutyric, isovaleric, isocaproic acids -includes ,C. sordellii and ,C. bifermentans. A s might be expected, strains of ,C. bifermentans a n d s . sordellii produce very similar acid and alcohol products. They differ in that t r a c e amounts of heptanoic acid a r e produced by all strains of ,C. bifermentans which we have examined.
GC Fermentation Group 7 -acetic, propionic, isobutyric, butyric, isovaleric acids -includes ,C. subterminale and ,C.
capitovale. These two organisms produce fermentation patterns which differ i n that glucose inhibits the production of isobutyric and isovaleric acid by strains of ,C. capitovale.
GC Fermentation Group 8 -acetic, propionic, isobutyric, butyric, isovaleric, isocaproic acids -includes &. difficile,
